Abstract The optical interference method is a promising technique for measuring temperature, density, and concentration in fluids. The non-intrusive and non-invasive nature of its optical techniques to the measured section are its most outstanding features. However, the adverse experiment environment, especially regarding shaking and vibrating, greatly restricts the application of the interferometer. In the present work, an optical diagnostic system consisting of a Mach-Zehnder interferometer (named after physicists Ludwig Mach) and an image processor has been developed that increases the measuring sensitivity compared to conventional experimental methods in fluid mechanics. An image processor has also been developed for obtaining quantitative results by using Fourier transformation. The present facility has been used in observing and measuring the mass transfer process of a water droplet in EAFP protein solution under microgravity condition provided by the satellite Shi Jian No. 8.
Introduction
Understanding much of the physics phenomena in fluid mechanics strongly depends on the development of measuring techniques in fluids. Mass transfer is one of the most important topics in microgravity fluid science. Diffusion is a concentration driven mass transfer process that takes place when the distribution of composition concentration in a solution is uneven. In normal gravity, the mass transfer due to diffusion is usually accompanied by mass transfer caused by convection and sedimentation. The diffusion coefficient of binary solutions is an important parameter in modeling studies of protein crystal growth. However, it is difficult to accurately measure it with ground-based experiments because of the influence of convection and sedimentation caused by gravity. This situation impels scientists to conduct experiments on the diffusion coefficient of binary solutions in a microgravity environment to eliminate the effect of sedimentation and convection. Among the related microgravity experiments, one is a space-flight experiment entitled, "The Dynamics of Miscible Interfaces: A Space Flight Experiment", which is financed by NASA. Another is "Diffusion and Soret Coefficients Measurement for Improvement of Oil Recovery", which is a part of "Microgravity Application Promotion" financed by the European Space Agency (ESA).
The diffusion mechanism and the influence of concentration gradient to diffusion coefficient have also been discussed (Eaton and Akgerman 1997; Fei and Bart 2001) . Regarding the methodology of measurement, in recent years research efforts have mainly focused on measuring the diffusion process of liquid-liquid phase with the interferometric method (Elcloe 2000; Laurence and Jacques 2002). However, the recording method of holographic interferometry and the difficulty of confirming the second exposal time make this technique limited in its application to space experimentation. The real-time Mach-Zehnder interferometer will therefore take a key role in the study of diffusion mass transfer in microgravity that will apply to many other research fields.
The interference technique is based on the light-wave interference principle and has high a measuring sensitivity and veracity in comparison to other conventional optics methods. Its non-intrusive and non-invasive peculiarities to the measured section are its most outstanding features. Because the laser, the optoelectronic technology, and the computer technology achieve the phase subdivision with high resolving ability and veracity, measuring sensitivity and veracity of the interference technique have been significantly improved and its application range has also been extended, such as precision measurement, precision finishing, and real-time control surveying.
The interferometer can be classified into two major types according to the arrangement of its optical path: namely, the common-path interferometer and the two-path interferometer. The common-path interferometer is where the object light beam and reference light beam share a common path. The strong point of this kind of interferometer is that the interferometer can resist disturbance of the environment. N. Rashidnia and R. Balasubramaniam designed a commonpath interferometer for use in space experiments (Rashidnia and Balasubramaniam 2004) , and some experimental results in normal gravity have been obtained. The associated experimental facility is simple, non-maladjusted, and resists vibration, and is therefore suitable for space experimentation. One disadvantage, however, is its lower measurement accuracy and sensitivity compared to the twopath interferometer. In addition, its image processing is much more complicated in distinguishing information of object light beam and reference light beam because of the common path.
On the other hand, in the two-path interferometer, the object light beam and the reference light beam take two different paths. The influences of the vibrating environment to the two light beams are different. In interference measurement, in order to obtain stable interference fringes, some measuring conditions must be limited, and some protecting methods must be adopted, so this kind of interferometer is normally used in the ground-based laboratory, which has a stable environment.
The phase-shift Mach-Zehnder interferometer has been used as the "quasi-real-time" method to measure and visualize the change of the solution concentration during crystal growth and to study the heat and mass transfer by DUAN and KANG (Duan and Shu 2001; Kang and Duan 2001; Duan et al. 2002) . This technique supports the observation of crystal growth together with fluid process, helping to understand the fluid-flow phenomena of the crystal-growth process. Using the Mach-Zehnder interferometer, the buoyancy convection (plume flow) during NaClO 3 crystal growth (and the diffusion mass transfer during protein crystal growth) have been visualized and analyzed and the thickness of the diffusion layer were able to be measured accurately.
The Mach-Zehnder interferometer is a powerful tool for studying mass transfer, crystal growth, and other flowing processes. A German microgravity research center has designed a two-wavelength Mach-Zehnder interferometer that is applicable in the International Space Station (ISS). In ISS, the astronaut may operate the interferometer if the interferometer is maladjusted after the launch process.
However, obviously, there is no astronaut available on the satellite in our present space experiment, so an interferometer with the ability to resist vibration and shock during the launch phase of the rocket is desired in order to study mass transfer in space. As we know, there has not been any actual application of Mach-Zehnder interferometer in space experiment reported in the literature.
In this study, a specially designed Mach-Zehnder interferometer was used to monitor the mass transfer process of a water droplet in EAFP protein solution under both normal gravity and microgravity conditions provided by the satellite Shi Jian No. 8. A series of evolution charts of mass distribution during the diffusion process of the liquid droplet are presented. The optical diagnostic system consisting of a Mach-Zehnder interferometer enhances the measuring sensitivity in compared to the conventional experimental method in fluid mechanics, and the image processor has been developed for obtaining quantitative results. This optical interferometer has proven to be a good measurement method to study mass transfer process.
The Optics Diagnostic Method
Basic Optics Theory A diagram of the optical diagnostic system is shown in Figs. 1 and 2 . A laser beam passes through lens L1 and L2 to form an expanded parallel light beam, and then the beam is split by splitter Bs1 into two parallel light beams; one is used as the object beam and the other is used as a reference beam. The object light beam is reflected by mirror M2 firstly, and passes through liquid cell, and then passes through beam splitter Bs2. The reference light beam is reflected by mirror M1, and then reflected by beam splitter Bs2. At this time, the object beam and the reference beam meet and form an interferometric fringe pattern. The fringes carry the information related to a concentration gradient of 
